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FOREVORD 
Connected to manufacturing change there have been structural 
changes in the industry, which have become possible through new 
transportation and communication technologies. It has been clailaed 
that the efficiency increase in logistics, e.g. in transportation and 
warehousing -- due to the just-in-time production philosophy --, 
largely explains the productivity growth. This paper tries to assess 
the problem and shows that, in fact, there exists a relationship 
between logistic improvements and economic growth. The paper is thus a 
valuable contribution to our work, as it provides new ideas on the 
issue of economic growth and technological change. 
Prof. F. Schmidt-Bleek Prof. J. Ranta 
Program Leader Pro j ect Leader 
Technology, Economy, Society Computer Integrated Manufacturing 
ABSTRACT 
The objective of this paper is to study new developments in logistics technologies 
as a prerequisite and as a consequence of technical progress in the case of the United 
States. Logistics is ueed here to denote all systematic actions aimed at bringing 
materials form primary producers through all intermediate steps to the end user, i.e. 
logistics includes transportation, handling, storage, as well as all related information 
processing. 
The rapid growth of transport and communication output or productivity con- 
tributes to overall economic growth. The growth and spread of logistics technologies 
is likely to change the nature of modem economies. 
The nature of the effects of new logistics technologies can be characterized by 
their indirect and overall impact on productivity of the whole economy. By improving 
the efficiency of the chain from producer to  end user it contributes to that part of 
the growth rate that can nof be explained by the increase in capital and labor inputs 
solely. 
This study shows that the unexplained residual of conventional production func- 
tions, i.e. the growth accounted to technical progress can be explained, at least partly, 
by factors expressing changes in logistic structures and their performance. 
Using the data given by N.E. Terleckyj (1984), who analyses the growth of the 
U.S. communication industry, we extend our focus to  transport sector as well, and 
following the traditional line of production literature this paper present estimates 
concerning the role of logistics factors in explaining the rate of growth. 
1. Objectives and background 
The objective of this paper is to study new developments in logistics technologies 
as a prerequisite and as a comequence of technical progress in the case of the United 
States. Logistics is used here in accordance with the definition of S. Wandel and 
R. Hellberg (1987) to denote all systematic actions aimed at bringing materials form 
primary producers through all intermediate steps to the end user, i.e. logistics includes 
transportation, handling, storage, as well as all related information processing. 
The rapid growth of transport and communication output or productivity con- 
tributes to overall economic growth. The growth and spread of logistics technologies 
is likely to change the nature of modern economies by the end of this century 1) 
justifying the term information economy in the s e w  that most work performed will 
deal with production, processing, storing, interpretation and transformation of infor- 
mation. 
Logietics costs represent a rather significant part of total value added in modern 
economies even now. In 1980 the estimated share of logistics costs in value added 
amounted to 31.8 percent in Swedish material sectors (see. L. Sjiistedt and S. Wandel 
(1987)). 
The nature of the effects of new logiitics technologies can be characterieed by 
their indirect and overall impact on productivity of the whole economy. By improving 
the efficiency of the chain from producer to end user it contributes to that part of 
the growth rate that can not be explained by the increase in capital and labor inputs 
solely. This residual in case of the United States takes approximately six-sevent hs of 
the growth rate." 
This study shows that the unexplained residual of conventional production func- 
tions, i.e. the growth accounted to technical progress can be explained, at least partly, 
by factors expressing changes in logistic structures and their performance. Although, 
The dynamic properties of changes in communication and transport sector of the 
U.S. are analysed in several context by N. Nakicenavic (1986,1978) and N. E. Terleckyj 
(1984). 
Our estimate in this study is 85 % for the period 1950.1982. S. hbricant (1954) 
has estimated that over the period 1871-1951 about 90 percent of the increase in 
output per capita was attributable to technical progress. R. M. Solow (1957) indicates 
that in the period 1909- 1949 about seven-eighths (88 %) of the growth rate is traceable 
to technical change. There are a number of studies dealing with this problem reviewed 
by C. Kennedy and A. P. Thirwall(1972). 
the idea that logistic factors might be very important in such changes in productivity 
that are not attributable to increase in direct physical inputs, is quite straightforward, 
we could find only one publication in this line. N.E. Terleckyj (1084) analyses the 
growth of the U.S. communication industry. Using the data generated by his research 
we extend our focus to tranaport =tor as well, and following the traditional line 
of production literature thia paper present estimates concerning the role of logistics 
factors in explaining the rate of growth. 
2. Tecanical progreee and the aggregate production function 
Capital accumulation had long been taken as the dominant determinant of eco- 
nomic growth. Not only was it the belief of the classical economists like Ricardo and 
Mam that productivity is increased principally where capital/labor ratio is increased 
, it was also the general belief of economists in the forties and fifties. The evidence 
found by S. F'abricant(lO54) has however drastically changed this view. R. M. Solow 
(1057) by formulating the problem opened a new perspective in quantitative studies 
of technical progress. He found that the increase in productivity is far greater than 
what can be accounted for by increase in capital/labor ratio. Indeed in the period 
1050-1982 we found that 85 % of the increases in productivity cannot be explained by 
increases in capital/labor ratio (see footnote 2). To this unexplained growth Solow 
gave the name technological change. 
We used Solow's model to explain production and technical change is baaed on 
production function, F , characterized by conetant returns to acde: 
Y = F ( K ,  L, t ) ,  (1) 
where Y represents output and K and L represent capital and labor inputs in physical 
units.  he variable t-for time appears in F to allow for technical change as an 
umpecified expression for any kind of shifts in the production function. We define 
the share of capital input and labor input in the value of output by: 
Necemary conditions for producer equilibrium are given by equalities between the 
value e h m  of each input and the elmticity of output with respect to that input: 
Finally, we can define the mte of technical change, w, as rate of growth of output 
with respect to time, holding inputa constank 
Under constant returns to scale the rate of technical change can be expresd  as the 
rate of growth of the output less a weighted average of the rates of growth of capital 
and labor inputa, where the weights are given by the corresponding value ah-: 
It is convenient to use the special case of ncutml technical change.') Shifts in the 
production function are defined as neutral if they leave marginal rates of substitution 
untouched but simply change the output attainable from given inputs. In that case 
the production function takes the special form: 
where the multiplicative factor A(t) measures the cumulated effect of shifts over time. 
Differentiate (8) totally with respect to time and divide by Y one obtains 
Y A a j k  a j i  
-- + A-- + A-- Y BKY OLY ' 
where dots indicate time derivatives. 
3, We note that expressions w, w, are Divisia quantity indexes of 
capital input, labor input and of technical change. These indexes were used by F. Di- 
visia (1025, 1028, 1852). The Diviaia index of technical change was intmduced by 
R. Solow (1067) and it has been discused by F. M. Gollop and D. W. Jorgenson 
(1Q80), C. Hulten (1073), D. W. Jorgenson and Z. Griliches (1967, 1971). 
') Testa for determining the type of technical progrm are published in M. J. Beck- 
man and R. Sato (1968). We performed several test for our data. The test results 
given in Annex 11, although are not too decisive, but at least does not exclude the 
possibility of d l i c b  neutrdity. Hicke neutrality means that technical progress is prod- 
uct augmenting. The shifts in the production function are pure scale changes, leaving 
marginal rates of substitution unchanged at given capital/labor ratios. ( C. Kennedy 
and A. P. Thirwall (1872)). Hicks neutrality leads to the form given by equation (8) 
(see M. J. Beckmann and R. Sato (1960) p. 90.) 
Now using the conditions for producer equilibrium of form (4) and (5) in equation 
(9) - note that g = A%, = g5, F(K, L,t) = A(t) j(K, L) in this case - 
we get: 
From (10) we can e x p m  the rate of technical progress: 
where the variables on the right hand side of equation (11) all are observable. The 
g-rowt h rate of GDP, 9, the share of inputs in the value of GDP, VK and v ~ ,  and the 
growth rates of inputs, 6 and can be calculated from data given in Table 1 and 
Table 7 in Annex I. 
8. Application to the U.S.: 1060-1082 
In order to calculate the rate of technical progress defined by equation (11) as a 
residual we should either estimate the parameten v~ and a defined by (4) and ( 5 ) ,  
or we should take them from other sources. After so many years of intense empirical 
investigations concerning the values of these parameters that started with the paper 
of C. W. Cobb and P. H. Douglas (1028) we may summarize that the actual value 
of the parameters VK and VL must lie somewhere in the intervale (i, f )  and ( f ,  :), 
respectively. The estimates given by 0. Eimont and H. Ross (1985) based on the data 
for period 190-1982 and using special corrections for the income from self employment 
are vk = 0 . 7 5 , ~ ~  = 0.25. Using these values in estimating WT2 the estimated rate of 
technical pmgresa (w) defined by equation (6) and (10) is shown in Fig. 1. Our own 
calculation based on t h e  data presented in 'lhble 7 gave VK = 0 . 6 5 , ~ ~  = 0.35. The 
rate of technical pmgress given by this calculation (WT 1) is shown together with the 
h a t  one in Fig. 2. to indicate, that the difference is negligible. 
From the estimates of (WT's) we can get the multiplicative factor A( t ) ,  which 
m e a s m  the cumulated effect of shifts in the production function. These multiplica- 
tive factors, AT1 and AT2, referring to WTI and WT2, are shown in Fig. 3. together 
with the index of the labor productivity (1960 = 100). 
In the remaining part of the analysis we used WT2 and AT2. Noticing that 
tendencies and the specification properties of the two calculations mentioned above 
are very similar. 
Returning now to the aggregate production function, our starting point, it is 
worth to mention that all these calculations aimed at to ~eparate A(t) and f (K, L) 
in equation (8). 
Under our assumption the production function can be reformulated ae follows: 
Having isolated A(t), we have now the opportunity to inveetigate the nature of 
the causal part of the production function aa well. In order to illustrate the shape of 
f (g , l), the scatter of & against f is ahown in Fig. 4. The shape of this rela- 
tionship is remarkable, supporting the hypotheees that there might exist an aggregate 
production function connecting out put to inputs. 
4. The determinants of technical progress 
After using alternative methods to measure the rate of technical progress we 
found that technical progress haa played an important role in the growth of the U.S. 
during the period 1950-1982. However, the estimation of the rate of technical progress 
has so far been confined to the assumption of exogenous technical progreas that just 
appears like manna falling from heaven; it is costlesa and does not depend on other 
economic variables. It is perhaps true that many of the factors that govern the rate 
of technical progress are outside the usual boundaries of economics. Nevertheless, the 
treatment of technical progress as entirely exogenous is clearly unrealistic. 
Specifying the multiplicative factor, A(t) , in eq.(8) as solely depending from time 
we estimated the following equation for the period 19501982!) 
where In A is log of A(f), the cumulated technical factor, and t is time. The DW - 
statistics ia far outside the acceptable region indicating errors in specification. 
Including the square of time ( t2 )  into this equation, the result aver the same 
period ia: 
" Figures in parentheses indicate absolute values of t-statisticg. 
The e m r  in specification of this equation ie evident from not only the devastating 
value of D W test but also becam the negative coefficient of t2 indicates, that as 
time goes on we would have to face not only a slowdown in growth but after a 
while there would be a permanent negative growth. In more sophisticated approaches 
there might be mom for time as an explanatory variable, but only using it together 
with other endogenous factors (see W. Krelle (1987)). All these results indicate that 
there must be some factors that influence the rate of technical progress in important 
ways. Since the publication of R. M. Solow (1957), some attempts have been made 
to construct macro-economic models with the assumption of endogenous technical 
progress. C. Kennedy and A. P. Thimall(1972) gives an ovewiew of the developments 
in this respect prior to 1971 with references to 294 papers. 
Here we come out with the idea to explain it with logietics factors and it is hard 
to believe that among many results of the past three decades unknown to us there 
would not be similar ones. As E. K. Y. Chen (1979) notes (p.W), extremely little has 
been done to test the endogenous technical progress hypotheses. This is especially 
astonishing when we at the same time observe the ever-increasing empirical work 
based on the assumption of emyenous technical progress, that cannot survive even 
the simplest test procedures. 
The purpose of the remaining part of this paper is to test an endogenous technical 
progress hypotheses baaed on factors connected with logistics. 
Before doing so, we shall briefly review the literature on endogenous technical 
p r o w .  We ahall however confine this review to literature on the testable hypotheses 
that are related to our approach. 
Kaldor-Eltis model 
It wae N. Kaldor (1957) who flrst introduced the notion that technical progreaa 
is to be explained by the process of investment. Further results were published by 
W. A. Eltis (1971,1973) where he related the technological progress to enterpreneurial 
decisions on research and development (R&D) expenditures. The framework of their 
approach can be summarised in the following general specification. 
where A(t )  is the level of technology (the multiplicative factor that measures the cu- 
mulated effect of shifts over time, and represents the tcchnicd pmgreaa function which 
can be specified for estimation purposes wing various functional forms of investment, 
share of investment in GDP, change of capital/labor ratio or any economic variable 
s u p p d  to influence technical p r o w .  
Learning by doing 
Learning as a process of acquiring knowledge has long been studied by psychol- 
ogists and management scientists. However, it was not until K. J. Arrow's (1962) 
paper that the concept of learning by doing was incorporated into a macroeconomic 
model. Arrow's aim was to build up a neoclassical growth model in which at least 
part of technical progress does not depend on the time aa such but develops out of 
experience gained within the production procees itself. Based on earlier ideas of P. J. 
Verdoorn (1951), N. Kaldor and others, Arrow related technical p r o w  to expe- 
rience, and chose cumulative gross investment as the index of experience, arguing 
that the appearance of new machines that brings about new problems to solve and 
new perspectives at the same time provides stimulation to innovation. (R. U. Ayres 
(1984,1987) describes the development of the idea of learning by doing.) 
The notion of learning by doing can be incorporated in the following fom:  
where Gt is the index of learning, measured by cumulative gross investment, and c is 
the learning coefficient, or in other words it is the elasticity of At with respect to the 
index Gt . 
Many combination of equations6) (15) and (16) could be used for estimation 
procedures. In the present paper we bring logistics factors into the explanation of 
endogenous technical progress. The results are not significantly different using either 
the form (15) or the form (16) aa a framework for specification in that respect, that 
in both caaes these factors have considerable explanatory power. 
" For example: At = AoeAtG: could give a framework for several specification 
variants. 
6. Data, Specification and Empirical Retanlte 
The result of testing endogenous technical progrea originating from logistics fac- 
tors depend to a large extent on how we measure the changes in logistics. The choice 
of explanatory variables is not too big if we prefer to have long time aeries of factors 
related to technological progress generating activities in transport and communication 
sectors of the U.S. Consequently, the selection of explanatory variables is admittedly 
ad hoc. 
The driving force of new logistice technologies is undoubtedly in the sphere of 
information processing. This is made clear by the amounts of private and government 
R bt D spending, which are much higher relative to output in communication (0.3 
percent in 1080) than in the business sector as a whole (2.8 percent N. E. Terleckyj 
(1084) p.110.) Relatively long time series for private (RDEXC) and government 
(RDEXG) R & D expenditures in U.S. electrical equipment and communication 
industries were completed by Terleckyj, reproduced in Table 5. These were used as 
proxies for contributing factors from communication sectors to the growth of the U.S. 
economic performance. 
From the sphere of transportation, as the other important component of logistics 
we used two additional explanatory variables. One of them is the share of transport 
equipment investments in gross capital formation (SITR, given in Table 4). The 
other one was motivated by the results of N. Nakicenovic (1086) , who showed how 
the advancement of the motor vehicle production and use in the U.S. opened a road to 
technological change." We uaed the share of motor vehicles in total intercity freight 
traffic (SMOTO, given in Table 2) to indicate this link. 
The estimated equation is a specified form of equation (15): 
where in the case of RDEXG the subscript indicates a time lag of 3 years. The 
goodness of fit is demonstrated in Fig. 5. The value of DW statistics now are inside 
'I Results of a parallel research reported in P. Dirnitrw and S. Wandel (1988) also 
demonstrated the importance of road transport for logistic performance. 
the interval where it is inconclusive, although positive aut ocorrelation can be rejected 
at 1 % level of significance (4: d t  = 0.77,dv = 1.53). To test the reliability of the 
estimates and the specification we performed the following test procedures: 
To test normality of the residuals the Jarque-Bera LM test was used. The pres- 
ence of autocorrelation (of different order) was tested by Durbii'a m and by Godfrey 'a 
LM teats. To trace the time where structural change in the parameters might have 
occurred the Quandt-ratios were calculated and wing the results of this procedure the 
Chow test was applied to check for stmctural change. The presence of heteroscedas- 
ticity was checked by using the Goldfeld-Quandt and the u~ual F-test. The constancy 
of the parameters was checked by the Breuech-Pagan LM test. Aa a general diag- 
nostic test Remsey'e RESET tests were applied and finally, as a teat for functional 
rnhpecification the Godfrey- Wickens LM test was applied. For a detailed description 
of the test procedures mentioned and for the actual values of the test statistics see 
Annex 11. 
To summariee these teste, we can draw the conclusion that the inclusion of the 
explaining variables considered in our analysis is justified by the results but on the 
other hand there might be some other important explaining factors not considered 
here. 
The t-values &owe that all of the coefficients are significant. The significance 
of lagged R & D expenditures of government might indicate, that the effect of gov- 
ernment R & D expenditures lags some years in comparison to the effect8 of private 
R & D expenditures. This is quite plausible if we take into consideration that the 
government-funded R & D performed in universities and in institutions often needs 
longer gestation period to be implemented in production. 
Using equation (16) as another framework for the specification we get: 
In AT = -0.516 + 0.230 In RDEXC + 0.072 In RDEXG-s+ 
(7.95) (10.83) (2.96) 
+0.114 In SITR + 0.399 In SMOTO 
(2.78) (4.06) 
(Note, that the difference between (17) and (18) is that here the explanatory variables 
are in log form.) 
The result of estimations (17) and (18) provides more or less the same conclu- 
eions. The goodness of fit in graphical illustration cannot be distinguished. Results 
of some teat statistics are better in case of equation (18) (for example the LM test 
for autocorrelation) but we do not see much reason to prefer (18) against (17). Both 
support that the variables chosen for logistics factors significantly affect the rate of 
technical progress. It is evident in the light of the test results that there must be other 
factors as well, perhaps not all observable, that should be included in the specification. 
Neverthelees, to treat the technical progress as an, at least partly endogenous process 
makes a great difference in describing what is going on in reality. Theae mul ts  also 
indicate that logistics factors if we interpret them widely enough to include many 
sides of the relations between producer and user, are good candidates, if not the best 
ones, in endogenieing technical progress. 
Figure 1: The rate of technical progress (WTI) calculated according to equation (11) and 
using the estimates VK = 0.75, v t  = 0.25. 




















